Antisera to nine strains of Mycoplasma gallisepticum were prepared h rabbits, chickens and turkeys, the response of individual rabbits or birds varying widely. Minor antigenic differences between some of the strains were shown in metabolic inhibition (mi.) tests with rabbit antisera. The strains could be divided into at least three subtypes. In general, antibody diminished so that it was barely detectable 6 months after inoculation.
INTRODUCTION
Agglutination (Adler, I 953) and haemagglutination inhibition (Jungherr, Luginbuhl & Jacobs, 1953) have been the serological techniques used most extensively for the study of mycoplasmas from birds. Growth inhibition by antiserum incorporated into agar medium was used by Edward & Kanarek (1960)~ by Fabricant (1960) , and more recently by Dierks, Newman & Pomeroy (1967) for the classification of mycoplasmas of avian origin. This method is relatively insensitive compared to the technique of metabolic inhibition (Taylor-Robinson, Purcell, Wong & Chanock, 1966) which has been used to detect minor antigenic differences betwen mycoplasmas within one serotype (Purcell et al. 1967 ). This paper reports on the use of the metabolic inhibition technique for the antigenic study of Mycoplusma gallisepticum strains. In addition, other factors, such as the use of a particular strain for measuring antibody and the possible requirement for unheated guinea-pig serum, have been evaluated and in the U.S.A., were obtained from Dr D. H. Roberts. The prototype strain x95 (Edward & Kanarek, 1960) was obtained from Dr R. H. Leach.
Media. The media (A) used at Glaxo Laboratories were Brucella broth and agar described by Newnham (1964) . The liquid and solid media (B) used in Salisbury were basically those described by Hayflick (1965) , and have been reported previously (Manchee & Taylor-Robinson, 1968 ).
Antigen production. All strains were cloned three times on medium A except strains ~6 and ~5 4 which were cloned on medium B. Thereafter, organisms to be used for metabolic inhibition and disc-growth inhibition tests were grown in liquid medium A by incubating at 37" until the medium pH, initially 7-8, decreased by at least one unit. The cultures were then divided into lots, stored at -70" and a sample titrated by the ' colour-change ' technique (Taylor-Robinson & Purcell, I 966) for its content of viable organisms. One dour-changing unit (c.c.u.) of activity was defined as the highest dilution which produced a colour change. Antigens for rabbit and bird inoculation were prepared from organisms propagated in a similar manner ; organisms were concentrated roo-fold by centrifugation at IO,OOO rev./min. for 20 min. and resuspension in phosphate-buffered saline. These antigens were then inactivated by incubation with I/IOOO p-propiolactone for 2 hr at 37". Antiserum production. Antisera were prepared in groups of rabbits and 6-week-old Mycoplasma gallisepticum-free chickens and turkeys. Each of these was inoculated intramuscularly with 0.5 ml. of inactivated antigen and this procedure was repeated 14 days later. In addition, each chicken and turkey was inoculated intrathoracically with I O~ C.C.U. of the homologous viable mycoplasma 28 days after the first inoculation. Sera were obtained before inoculation, 28 days after the first inoculation and at weekly intervals thereafter. They were stored at -20" and were inactivated at 56" for 30 min. before use.
Guinea-pig serum (g.p.s.). This was obtained from animals killed without anaesthesia. The serum was separated immediately and was stored without preservatives at -70".
Metabolic inhibition (mi.) tests. These were done in Linbro Disposo-trays (IS-MRC-96; Linbro Chemical Co. Inc., New Haven, Connecticut, U.S.A.) as described previously by Taylor-Robinson et al. (1966) with liquid media A and B. Unheated g.p.s. was not used unless otherwise stated. The trays were incubated at 37" for 15 min. before they were sealed at this temperature with sellotape. This prevented detachment of the sellotape from the trays that otherwise sometimes occurred on incubation. The results were recorded when a colour change of about half a pH unit had occurred in the controls containing mycoplasma organisms but no antiserum.
Disc growth inhibition (g.i.) tests. These were done as described previously by Clyde (1964) using solid medium B. Stock cultures, previously titrated, were diluted in liquid medium so that 0-1 ml. contained about 1oS C.C.U. This was spread on the agar medium. Then filter-paper discs of 7 mm. diameter, soaked with 0.025 ml. of undiluted antiserum, were placed on the agar. Zones of inhibition were measured from the edge of the disc to the edge of colony development after incubation of the cultures at 37" in a humid atmosphere of 95 % (v/v) N2 + 5 % (v/v) C02.
RESULTS
Eflect of age of culture on the m.i. test. It was considered that the age of the culture used as inoculum in the m.i. test might affect the result. Therefore, the ~5969 strain of Mycoplasma gallisepticum was grown in liquid medium B, and at 4 times over a period of 118 hr a sample was harvested and stored at -70". The samples were titrated for viable organisms; a variation between 104 and 1o9 c.c.u./ml. occurred. Then each sample was diluted so that when used as inoculum in the m.i. test it contained 103-104 C.C.U. The m.i. titre of a rabbit antiserum did not vary more than four-fold (112560-1/10,240) when tested with the four different inocula. Thus, variations greater than this in subsequent experiments were unlikely to be due to the use of cultures of different age. Nevertheless, as described in Methods, some standardization was achieved by harvesting organisms of each M . gallisepticum strain when the pH of the medium had fallen at least one unit, at which time the culture contained at least IO* c.c.u./ml. 
M.i. tests with rabbit antisera
The antisera prepared against each mycoplasma strain were tested against all the strains in one test (Table I) . Strains ~3 4 ,
~3 7 ,
~5969, s6 and x95 were closely related to one another (subtype I). Strain ~5 1 4 (subtype 2 ) was different from subtype I strains, because antisera to subtype I strains inhibited strain ~5 1 4 4-to 16-fold less than they inhibited their homologous strains within subtype I. In addition, antiserum to strain ~5 1 4 inhibited the other strains 8-to 16-fold less than it inhibited its homologous organism. Strain JI (subtype 3) was Werent from all the other mycoplasma strains. Antisera to the other strains were 64-to 128-fold less effective in inhibiting strain JI than in inhibiting their homologous strains, and JI antiserum was 16-to 64-fold more active against its homologous strain than against the other strains. Strain M G~ was similar to strain ~5 1 4 in its reaction to the other antisera but it was probably different from strain ~5 1 4 ; ~5 1 4 antiserum inhibited its homologous organism 16-fold more than it inhibited strain M G~. Although antiserum to strain c54 was not available, this strain behaved in a similar way to strain M G~ in its reaction to the other antisera. These results were confirmed in mi. tests in which three other antisera prepared against each strain were tested. It was thus apparent that on this basis Mycoplasma gallisepticum comprised at least three serological subtypes. Duration of antibodypersistence. Antisera obtained I, 2 and 6 months after inoculation of rabbits with the s6 strain were tested against this strain and against heterologous strains. The m.i. antibody titres at 2 months were between 4-and 50-fold lower than at I month, the decline being least in tests with the homologous organism. By 6 months the antibody titres had fallen to barely detectable levels. 
M.i. tests with chicken and turkey antisera
Eflect of diTerent strains on detection of antibody. Antisera obtained 2 weeks after intrathoracic inoculation of chickens and turkeys were studied. The results of crosstesting all the strains against one of several chicken antisera prepared against each strain are shown in Table 2 . Antibody was measured successfully in tests in which strains ~3 4 , ~3 7 , ~5 9 6 9 and s6 were used; strain ~3 7 was most useful for this purpose. Antibody was detected infrequently or not at all when the antisera were tested with the other mycoplasma strains, even though the strain used in the m.i. test was the same as that which had been used to prepare the chicken antiserum. In addition, when antibody was detectable, subjection of the antisera to nine cycles of freezing and thawing did not diminish their antibody titres in tests with strain T37.
It may be noted that the titre of antibody in chicken antisera was at least 16-fold lower than observed with the corresponding rabbit antisera. In addition, it was not possible to subtype the various mycoplasma strains by using chicken antisera.
The results of testing all the strains against one of several turkey antisera prepared against each strain were similar to the results obtained with the chicken antisera, except that the antibody titres were generally 2-to 4-fold greater with turkey antisera.
Variation in antibody response. Several chicken antisera prepared against the s6 strain were tested against both homologous and heterologous mycoplasma strains. The wide variation in antibody response of the different chickens is shown in Fig. I. The results of similar tests with several turkey antisera prepared against the s6 strain are shown in Fig. 2 . They are similar to those obtained with chicken antisera since wide variations occurred in the titre of antibody in the sera of different birds given the same course of inoculations of a particular strain, and antibody in both chickens and turkeys was best detected by using strains ~3 4 , ~3 7 , ~5 9 6 9 , Eflect of unheated g.p.s. on mycoplama growth. Since unheated g.p.s., in the absence of antiserum containing antibody, was known to inhibit the growth of some mycoplasmas, all the strains under study were titrated in the absence and in the presence of 1 0 % unheated g.p.s. in the medium. Two strains were titrated also in medium containing 10% g.p.s. which had been heated at 56" for 30 min. The results are shown in Table 3 . The growth of some strains was inhibited by unheated g.p.s., whereas the growth of others was unaffected. Those strains most inhibited by unheated g.p.s. were those which were found previously to be most suitable for the detection of m.i. antibody in chicken and turkey sera. Heated g.p.s. did not inhibit the growth of the two strains tested. Eflect of unheated g.p.s. on the m i . antibody titre. The results which have been presented were obtained in tests done without unheated g.p.s. However, all the rabbit antisera and most of the chicken antisera were tested also with additional unheated
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g.p.s. and some of the results are shown in Table 4 . With few exceptions, notably strain ~5 1 4 tested against rabbit antisera, the addition of unheated g.p.s. did not enhance the mi. antibody titre and sometimes it depressed the titre. However, it was found that unheated g.p.s. stabilized the mi. titre in some instances (not shown in Table) ; in other words, in the absence of unheated g.p.s., colour changes that occurred in cups which contained high dilutions of antiserum, sometimes occurred in cups with lower dilutions of antiserum upon continued incubation of the test. This did not happen in the presence of unheated g.p.s. Therefore, in tests performed in the absence of g.p.s., it was advisable to record the mi. antibody titres as soon as a colour change was clearly visible, that is at a time when the pH of the medium containing organisms but no antiserum had changed by about half a pH unit.
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Correlation between antibody titres measured by m.i. and g.i. in liquid medium Purcell et al. (1967) demonstrated a close correlation between the dilution of antiserum which inhibited a colour change in the mi. test and the dilution which inhibited the growth in liquid medium of several mycoplasmas. An opportunity to test this correlation with strains of Mycoplasma gallisepticum arose when it was observed that, on continued incubation of some m.i. tests, buttons of deposit formed in cups which contained organisms without antiserum or organisms with high dilutions of antiserum. The deposits formed after the colour change had commenced and were produced by strains ~3 4 , ~3 7 , s6, ~5 9 6 9 and ~5 1 4 . Microscopic examhation of some of the deposits revealed mycoplasma cells. However, it cannot be excluded that, in part, these deposits consisted of by-products of metabolism. In a number of tests with rabbit and chicken antisera (Fig. 3) , mi. antibody titres were recorded, and the occurrence of deposits also when those in cups without antiserum were first discernible; the highest dilution of antiserum which prevented the formation of a deposit was regarded as the deposit inhibition titre. A close correlation was found between m.i, titres and deposit inhibition titres which indicated that antibody measured by the mi. test was identical or closely related to deposit-inhibiting antibody, and thus presumably closely related to growth-inhibiting antibody. 
Nil
Disc g.i. tests with rabbit antisera Most of the rabbit antisera inhibited the development of colonies of most of the strains (Table 5) . Sometimes, however, colony development although inhibited by one antiserum was not necessarily inhibited by an antiserum against another strain. Indeed, only strain x95 antiserum inhibited the development of colonies of all the strains. It was possible to differentiate strain JI from the other strains; J I antiserum inhibited the development of colonies of its homologous strain to a much greater extent than it inhibited colony-formation by the heterologous strains. This apart, it was not possible to distinguish between the other mycoplasma strains on the basis of the disc g.i. test.
Although the results of mi. and g.i. tests in liquid media were comparable, there was poor correlation between the results of m.i. and disc g.i. tests since some antisera with high m.i. titres did not produce zones of inhibition.
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DISCUSSION
The results of mi. tests with rabbit antisera showed minor antigenic differences between Mycoplasma gallisepticum strains and they may be divided into at least three subtypes within this serotype. This conclusion is valid even though the organisms of each strain used as inoculum in the tests were not harvested at the same stage of growth. The development of antibody, as measured by the mi. test, was poorer in turkeys, and even more so in chickens, than in rabbits. However, to some extent the results observed with chicken and turkey antisera were in keeping with those observed with rabbit antisera. Thus, when strains ~5 1 4 , JI, M G~ and c54 were used to measure antibody in rabbit antisera the titres were low, and the same strains failed, in the majority of instances, to detect antibody in chicken or turkey antisera. This correlation was not complete, however, because high titres of antibody were demonstrated in rabbit antisera by using strain x95, but it sometimes failed to detect antibody in chicken or turkey antisera. It would be reasonable to assume that the most suitable mycoplasma strain to use for detecting antibody in chicken and turkey sera was that used to inoculate the birds. However, antibody was often only detectable by using a heterologous strain and it is clear that the choice of the mycoplasma strain for inoculum in the m.i. test is of fundamental importance for successful detection of antibody in chicken and turkey sera. The fact that birds vary widely in their antibody response to a single strain indicates that the sera of a large number of birds from a flock should be examined in order to obtain a realistic picture of the antibody status of the flock as a whole.
It is known that the effect of additional unheated g. Likewise we encountered problems, since a rabbit antiserum which inhibited a strain of M. gallisepticum to high titre in the mi. test did not necessarily produce a zone of inhibition on agar. However, we observed that antibody titres measured in the m.i. test correlated closely with the titres of antibody which inhibited the formation of buttons of deposit in liquid medium. It seems reasonable to assume that the deposits consisted mainly of mycoplasma growth. It is probable, therefore, that the difference between the results of mi. tests and those of disc g.i. tests arises because of the difference in the tests systems and not because antisera affect growth and metabolism differently.
The disc g.i. technique is generally considered to be specific (Clyde, 1964; TaylorRobinson, Canchola, Fox & Chanock, 1964) . However, Smith, Dunlop & Strout (1966) indicated that the type of culture medium used to propagate Mycoplasma gallisepticum for antiserum production might influence the speciscity of the test since they found that antiserum to medium alone was inhibitory. Although we did not examine this possibility in detail we noted that the results of m.i. tests carried out in each laboratory corresponded closely, even though the medium used to produce antigens for rabbit immunization was the same as that used for subsequent m.i. tests in one laboratory and quite different from that used for mi. tests in the other laboratory. In addition, we have found incidentally that antisera prepared in rabbits with organisms of other mycoplasma species grown in medium containing horse serum have not produced zones of inhibition with M. gallisepticum. On the contrary, in the present experiments some M . gallisepticum antisera did not inhibit a.11 strains even though care was taken to avoid an excess of colonies on the agar medium. Only x95 antiserum was capable of inhibiting all the strains tested. It is clear that antiserum prepared against a single strain may be inadequate in a diagnostic scheme.
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